Introduction {#S0001}
============

Tumor necrosis factor (TNF)-alpha is a potent pro-inflammatory cytokine exerting pleiotropic effects on various cell types and plays a central role in the pathogenesis of inflammatory diseases. Antibodies that bind to and neutralize TNF-alfa have been developed in order to inhibit its activity, and have been shown to be effective for patients with rheumatoid arthritis (RA) and other forms of inflammatory disease such as psoriasis, psoriatic arthritis, juvenile rheumatoid arthritis (JRA), ankylosing spondylitis (AS), and inflammatory bowel disease (IBD).[@CIT0001],[@CIT0002] Currently available therapies for them are infliximab, etanercept, adalimumab, golimumab, and certolizumab pegol in Japan. Several Phase III studies showed that TNF-alpha inhibitors had favorable safety profiles.[@CIT0003],[@CIT0004] In clinical practice, however, unexpected adverse events could occur because patients have various backgrounds and etiologies, unlike in clinical trials, where enrollment criteria are strict. Therefore, unexpected adverse drug effects can emerge, and so investigation of their occurrence is important.

In the post-marketing phase, it is important to monitor high-priority adverse events and gain insight into actual drug safety profiles. Spontaneous reporting systems are a primary source of information to detect safety signals, especially for newly marketed drugs.[@CIT0005],[@CIT0006] For the pharmacovigilance approach, the Japanese Adverse Drug Event Report (JADER) database is a large published database managed by the Pharmaceuticals and Medical Devices Agency (PMDA).[@CIT0007],[@CIT0008] In this study, we aimed to clarify the adverse event profiles of five TNF-alfa inhibitors as a class and individual agents in real-world settings using the JADER database.

Methods {#S0002}
=======

The JADER database is freely obtainable from the website of the PMDA, which has been reported.[@CIT0009]--[@CIT0012] The data covered the period between April 2004 and January 2017. The JADER consists of 4 tables: patient demographic information (DEMO), drug information (DRUG), adverse events (REAC), and medical history. After we removed duplicate data from each table, the DEMO table was then linked to the REAC and DRUG tables using the ID number. The contribution of the medication to adverse events was classified into three categories: "suspected medicine," "concomitant medicine," and "interaction." We only extracted cases that were classified as "suspected medicine" and analyzed the reports of suspected drugs and adverse events in the "Preferred Term (PT)" coded in the Medical Dictionary for Regulatory Activities (MedDRA). We compiled a cross-tabulation table based on two classifications: the presence or absence of the adverse event, and the presence or absence of the suspected medicine. Then, we calculated the reporting odds ratio (ROR) by the following formula. $$\documentclass[12pt]{minimal}
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a: the number of patients with a target event when they received a target drug

b: the number of patients with non-target adverse events when they received a target drug

c: the number of patients with a target event when they received non-target drugs

d: the number of patients with non-target adverse events when they received non-target drugs

A signal was considered present when the lower limit of the 95% CI of the ROR exceeded one.

Results {#S0003}
=======

The total number of adverse events associated with the use of TNF-alfa inhibitors was 34,031. Of those, 16,724, 7441, 5131, 3376, and 1359 were reported with infliximab, etanercept, adalimumab, golimumab, and certolizumab pegol, respectively ([Table 1](#T0001){ref-type="table"}). Infliximab has been available for the longest period among the five drugs ([[Table S1](https://www.dovepress.com/get_supplementary_file.php?f=246328.pdf)]{.ul}). As shown in [Table 2](#T0002){ref-type="table"}, characteristics of those who experienced adverse events on receiving TNF-alfa inhibitors are listed. In brief, most of the reports concerned females (65.8%), who were most frequently in their 60s (28.2%). Reasons for using TNF-alfa inhibitors included RA (71.3%), Crohn's disease (13.0%), and ulcerative colitis (3.0%). Drug use for unknown or other indications involved 1620 reports (4.7%).Table 1Annual Reports of Adverse Events Associated with TNF-Alfa Inhibitors from 2004 to 2016YearTotal2004200520062007200820092010201120122013201420152016All TNF-alfa inhibitors239727442597262018992196293723803361357625172427238034,031Infliximab239720411803202512671115164699598277864349853416,724Etanercept7037945955076156765487744884645936847441Adalimumab1254666157945704437987265945131Golimumab43100916432802041973376Certolizumab pegol262243324063711359[^1] Table 2Characteristics of the Patients with Adverse Events Associated with TNF-Alfa InhibitorsVariablesAll TNF-Alfa InhibitorsNumber of Reports (%)Total34,031SexMen/Women/Unknown11,380 (33.4)/22,394 (65.8)/257 (0.8)AgeUnder 10s132 (0.4)10s491 (1.4)20s1,933 (5.7)30s2679 (7.9)40s3205 (9.4)50s5562 (16.3)60s9611 (28.2)70s7850 (23.1)80s1505 (4.4)90s53 (0.2)Unknown/Others1010 (3.0)Reasons for useRheumatoid arthritis24,250 (71.3)Crohn's disease4417 (13.0)Ulcerative colitis1020 (3.0)Behcet's syndrome880 (2.6)Psoriasis763 (2.2)Psoriatic arthritis508 (1.5)Pustular psoriasis212 (0.6)Drug use for unknown indication132 (0.4)Juvenile idiopathic arthritis121 (0.4)Ankylosing spondylitis108 (0.3)Unknown/Others1,620 (4.7)[^2]

[Table 3](#T0003){ref-type="table"} shows the disproportionality analysis based on the top 30 adverse events associated with TNF-alfa inhibitors as a class. The most frequently reported adverse event associated with TNF-alfa inhibitors as a class was pneumonia (ROR, 5.36; 95% CI, 5.14--5.6), followed by interstitial lung disease (ROR, 2.04; 95% CI, 1.95--2.15), pneumocystis jirovecii pneumonia (ROR, 11.8; 95% CI, 11.1--12.5), herpes zoster (ROR, 6.4; 95% CI, 5.92--6.91), infusion-related reaction (ROR, 29.2; 95% CI, 26.6--32), sepsis (ROR, 3.16; 95% CI, 2.92--3.41), and pneumonia bacterial (ROR, 11.5; 95% CI, 10.5--12.5). Focusing on SOC, "infections and infestations" were most frequently reported.Table 3The Top 30 Adverse Drug Events Associated with TNF-Alfa InhibitorsPTSOCAll\
TNF-Alfa InhibitorsnROR95% CIPneumoniaInfections and infestations25175.365.14--5.6\*Interstitial lung diseaseRespiratory, thoracic and mediastinal disorders17602.041.95--2.15\*Pneumocystis jirovecii pneumoniaInfections and infestations135711.811.1--12.5\*Herpes zosterInfections and infestations7296.45.92--6.91\*Infusion-related reactionInjury, poisoning and procedural complications67929.226.6--32\*SepsisInfections and infestations6603.162.92--3.41\*Pneumonia bacterialInfections and infestations63611.510.5--12.5\*PyrexiaGeneral disorders and administration site conditions6221.351.25--1.47\*Pulmonary tuberculosisInfections and infestations57327.925.3--30.9\*CellulitisInfections and infestations5246.736.15--7.38\*LymphomaNeoplasms benign, malignant and unspecified45414.913.5--16.5\*PyelonephritisInfections and infestations30910.49.19--11.7\*PancytopeniaBlood and lymphatic system disorders2961.421.27--1.6\*Disseminated tuberculosisInfections and infestations29231.927.6--36.7\*Organising pneumoniaInfections and infestations26113.611.9--15.5\*Hepatic function abnormalHepatobiliary disorders2480.410.36--0.46Anaphylactoid reactionImmune system disorders2462.72.37--3.07\*Breast cancerNeoplasms benign, malignant and unspecified24112.510.9--14.3\*Urinary tract infectionInfections and infestations2263.613.15--4.13\*White blood cell count decreasedInvestigations2190.260.23--0.3TuberculosisInfections and infestations21832.727.7--38.6\*Tuberculous pleurisyInfections and infestations21647.439.6--56.7\*PleurisyRespiratory, thoracic and mediastinal disorders21410.89.34--12.5\*Platelet count decreasedInvestigations2110.230.2--0.27Arthritis bacterialInfections and infestations20513.711.8--16\*BronchitisInfections and infestations1994.654.02--5.37\*Intestinal obstructionGastrointestinal disorders1824.714.05--5.48\*Blood pressure decreasedInvestigations1731.050.9--1.22RashSkin and subcutaneous tissue disorders1720.680.59--0.79Gastric cancerNeoplasms benign, malignant and unspecified1646.075.17--7.13\*[^3][^4]

Next, we examined the top 10 adverse events by individual TNF-alfa inhibitor ([Tables 4](#T0004){ref-type="table"}--[8](#T0008){ref-type="table"}). Pneumonia was the most frequently reported for infliximab, etanercept, adalimumab, golimumab, and certolizumab pegol. Especially, the number of reports involving infliximab was the highest (1254 reports). Interstitial lung disease ranked high in infliximab, etanercept, adalimumab, golimumab, and certolizumab, and the ROR values were similar among the five TNF-alfa inhibitors. The ROR value for pneumocystis jirovecii pneumonia suggested the strongest association with infliximab. As for infusion reactions, reports were obtained for only infliximab, and the ROR value was noteworthy (ROR, 58.6; 95% CI, 53.4--64.3). Regarding malignant tumors, the associations of breast and colon cancers were suggested with etanercept and certolizumab pegol, respectively.Table 4The Top 10 Adverse Drug Events Associated with InfliximabPTInfliximabnROR95% CIPneumonia12545.044.75--5.34\*Pneumocystis jirovecii pneumonia88814.513.5--15.5\*Interstitial lung disease7991.781.66--1.92\*Infusion related reaction67958.653.4--64.3\*Herpes zoster4126.826.17--7.55\*Sepsis4093.793.43--4.19\*Pulmonary tuberculosis38432.228.7--36.1\*Pyrexia3811.621.47--1.8\*Pneumonia bacterial32310.59.37--11.8\*Lymphoma30618.416.3--20.8\*[^5] Table 5The Top 10 Adverse Drug Events Associated with EtanerceptPTEtanerceptnROR95% CIPneumonia6255.615.16--6.09\*Interstitial lung disease5292.722.49--2.97\*Pneumocystis jirovecii pneumonia2096.885.98--7.9\*Herpes zoster1535.54.68--6.47\*Sepsis1172.371.98--2.85\*Pyrexia1111.050.87--1.27Cellulitis1065.554.58--6.74\*Pneumonia bacterial1047.175.89--8.72\*Breast cancer8717.814.3--22.1\*Urinary tract infection835.74.58--7.09\*[^6] Table 6The Top 10 Adverse Drug Events Associated with AdalimumabPTAdalimumabnROR95% CIPneumonia2723.393--3.83\*Interstitial lung disease2381.721.51--1.96\*Pneumocystis jirovecii pneumonia1607.626.5--8.93\*Herpes zoster1155.994.97--7.21\*Pyrexia1141.581.31--1.9\*Pulmonary tuberculosis10423.919.5--29.1\*Cellulitis927.015.69--8.63\*Pneumonia bacterial868.596.93--10.7\*Pancytopenia822.522.02--3.14\*Sepsis792.321.86--2.9\*[^7] Table 7The Top 10 Adverse Drug Events Associated with GolimumabPTGolimumabnROR95% CIPneumonia3667.396.63--8.24\*Interstitial lung disease1942.161.87--2.49\*Pneumonia bacterial12319.316--23.1\*Pneumocystis jirovecii pneumonia1007.185.88--8.77\*Cellulitis789.067.22--11.4\*Pyelonephritis7020.616.2--26.2\*Hepatic function abnormal701.140.9--1.45Platelet count decreased570.620.48--0.81Liver disorder561.531.18--2\*Sepsis552.451.88--3.21\*[^8] Table 8The Top 10 Adverse Drug Events Associated with Certolizumab PegolPTCertolizumab PegolnROR95% CIPneumonia20810.99.44--12.7\*Herpes zoster11925.120.8--30.4\*Interstitial lung disease842.331.87--2.9\*Pneumocystis jirovecii pneumonia447.835.79--10.6\*Cellulitis329.166.45--13\*Pyelonephritis2517.912--26.6\*Pneumonia bacterial248.945.96--13.4\*Sepsis212.321.51--3.58\*Pyrexia201.040.67--1.61Colon cancer1917.511.1--27.6\*[^9]

Discussion {#S0004}
==========

This study presents profiles of adverse events associated with the use of TNF-alfa inhibitors based on the real-world data from the JADER database. In our results, the number of reports of adverse events involving TNF-alfa inhibitors during the study period were 34,031, and there is variability in the safety profile among TNF-alfa inhibitors. To the best of our knowledge, this is the first study to report the associations of five TNF-alfa inhibitors with adverse events using a spontaneous reporting database.

Among the TNF-alfa inhibitors analyzed in this study, infliximab has been clinically available for use for the longest ([[Table S1](https://www.dovepress.com/get_supplementary_file.php?f=246328.pdf)]{.ul}), and so it is suggested that infliximab is likely to be associated with more adverse events, solely based on this longer time on the market. In this study, we found that reports of infectious adverse events were common on the use of TNF-alfa inhibitors ([Table 3](#T0003){ref-type="table"}). TNF-alfa inhibitors suppress immunity; therefore, the risk of infection may be increased.[@CIT0013],[@CIT0014] However, we found that individual agents showed a variable signal strength for multiple types of infectious adverse events. For example, the ROR value for pneumocystis jirovecii pneumonia was the highest for infliximab, whereas that for herpes zoster was the highest for certolizumab pegol. On the other hand, interstitial lung disease, which was the second most highly reported after pneumonia ([Table 3](#T0003){ref-type="table"}), showed almost the same signal values among all TNF-alfa inhibitors. Wakao et al reported that interstitial lung disease is more often reported in Japan compared with the rest of the world.[@CIT0015] There may be a coding preference that contributes to the difference in the relative reporting rate of interstitial lung disease between Japan and the rest of the world. Therefore, interstitial lung disease may be more commonly reported on the use of individual TNF-alfa inhibitors, leading to small variations in signal values.

Binding and neutralizing activities against soluble TNF are common actions of TNF-alfa inhibitors; however, recent studies demonstrated that these inhibitors have additional biological effects against transmembrane TNF[@CIT0016]--[@CIT0020] and Fc receptor-expressing cells.[@CIT0021],[@CIT0022] Several studies demonstrated the binding of infliximab, adalimumab, etanercept, or certolizumab to cell lines expressing transfected transmembrane TNF, and showed that the degree of cell binding was 3-fold greater with infliximab or adalimumab than with etanercept or certolizumab.[@CIT0019],[@CIT0023] In addition, CD64 modulates the efficacy of infliximab both in vitro and ex vivo, whereas the presence of this receptor has no impact on the inhibitory activity of certolizumab-pegol, which lacks the Fc fragment.[@CIT0021],[@CIT0022] In order to reduce adverse effects by preventing interaction with the Fc receptors,[@CIT0024] certolizumab pegol was produced without the Fc region, removing the mechanism dependent on the presence of that region.[@CIT0024] In addition, certolizumab pegol was a pegylated anti-TNF F(ab')2 fragment,[@CIT0025] with a structure different from that of other TNF-alfa inhibitors. However, it is possible that other factors contribute to infections. Further studies will be needed to clarify this.

Different from other TNF-alfa inhibitors, infliximab is a mouse/human chimeric monoclonal TNF-alfa inhibitor of the IgG1 isotype,[@CIT0025] so it requires intravenous drip infusion. In our results, infusion reaction was reported only for infliximab. In addition, anaphylactic reaction and reduction in blood pressure were noted with infliximab. These results are consistent with those of previous reports.[@CIT0026]--[@CIT0028]

As for malignancy, our results showed that lymphoma, breast cancer, and gastric cancer were significantly correlated with TNF-alpha inhibitors as a class. Especially, reports of breast cancer were numerous with etanercept. It has been reported that the immunosuppressive effects of TNF-alpha inhibitors raise the risk of cancer,[@CIT0029] although it is known that RA disease activity by itself is a risk factor for developing malignancy.[@CIT0030]

Several studies reported that TNF-alfa inhibitors are associated with central nervous system (CNS) demyelinating disorders, as well as peripheral nervous system disorders (Guillain-Barré syndrome, Miller Fisher syndrome, chronic inflammatory demyelinating polyneuropathy, multifocal motor neuropathy with conduction block, mononeuropathy multiplex, and axonal sensorimotor polyneuropathies).[@CIT0031],[@CIT0032] However, in this study, the top 30 adverse events caused by TNF-alfa inhibitors included no CNS-related adverse events.

The present study has several limitations. First, this study does not cover all known TNF-alpha inhibitors. Second, as a consequence of the self-reporting database, it is difficult to completely remove reporting bias. In addition, the data occasionally contain coding errors. Third, ROR does not provide a robust indication of the signal strength. In spontaneous reporting systems such as JADER, control populations are not included, so ROR is different from the "odds ratio" that is commonly used in epidemiological studies. In real terms, ROR indicates an increased risk of adverse event reporting, and not the risk of an adverse event itself. Finally, the JADER database did not include detailed clinical information on the patients' clinical status.

In conclusion, the strength of the association among TNF-alfa inhibitors with adverse events is variable, and further studies are required to evaluate the identified signals.
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